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ABSTRACT 
THE RECOMBIMOGENIC ACTIVITY OF THE YEAST HOTl SEQUENCE 
IN MOUSE CELLS 
Vishesh K. Kapur 
1989 
HOTl is a 4.4 kbp fragment of yeast ribosomal DNA which 
is known to enhance intrachromosomal recombination when 
inserted adjacent to homologous markers in Saccharomyces 
cerevesiae. We tested HOTl for recombinogenic activity in 
mouse cells. Plasmids containing a properly oriented and 
positioned HOTl fragment and two full length mutant Herpes 
simplex virus type 1 thymidine kinase (tk) genes were 
integrated into the genome of tk- mouse L cells. The rate 
of recombination between the mutant tk genes was determined 
and recombinants were studied. No significant 
recombinogenic effect or alteration in the ratio of 
reciprocal to nonreciprocal events was found when HOTl was 
present adjacent to recombining markers. These results are 
explained using recent studies which indicate HOTl affects 
recombination through transcriptional enhancement. 
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Introduction 
Recombination is the process by which nucleotide 
sequences are rearranged, providing the reorganization of 
genetic material which is necessary during evolution and 
some forms of differentiation (22). Homologous 
recombination, also called general recombination, occurs 
during mitosis and meiosis generating new sequences from 
exchanges between DNA with significant homology. 
Homologous recombination does not occur at uniform rates 
throughout genomes. This variability in recombination 
rates is partly explained by the presence of recombinogenic 
sequences, or hotspots, which stimulate generalized 
recombination in their vicinity. 
Sites or sequences that stimulate recombination have 
been identified in both procaryotes and eukaryotes. They 
appear to act at many different steps in recombination, 
including DNA entry into cells during transduction, pairing 
of chromosomes, and initiation and resolution of strand 
transfer, or to influence other chromosomal processes (i.e. 
transcription) which affect recombination (18). Some 
examples include Chi sites of Escherichia coli and phage 
lambda, cog+ mutation of Neurospora crassa, the M26 
mutation of ade6 in Schizosaccharomyces pombe, the YS17 
mutation at the buff spore color locus of Sordaria 
brevicollis, the H0T1 fragment of Saccharomyces cerevisiae 
rDNA, and the MG-1 fragment of the human (3-globin gene 
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cluster (8,18,24). The properties of Chi sites, the MG-1 
fragment, and the H0T1 fragment will be discussed. 
Chi sites were the first hotspots to be identified 
(18). They were discovered as a result of their ability to 
enhance growth in EL_ coli of phage lambda defective in 
recombination mechanisms. Gam- Red- phage lambda are unable 
to replicate by the rolling circle mode to produce 
concatamers, and are deficient in the phage's Red pathway 
of homologous recombination. Replication in Gam- mutants 
produces monomeric circles which are inefficiently packaged 
unless they recombine to form concatamers. The presence of 
Chi sites in Gam- Red- phage lambda enhances the activity 
of the E_;_ coli Rec BC pathway on phage DNA allowing more 
packageable concatamers to be formed, thus increasing the 
size of plaques. Chi sites have been shown to be octamers 
(5' GCTGGTGG 3') which interact with Rec BCD nuclease to 
cause single strand cleavage four to six nucleotides 
downstream and increase recombination upstream (18). Chi 
sites are found in E_^ coli and a number of other 
procaryotes and eukaryotes but have been shown to be active 
recombination sites only in enteric bacilli (18). 
MG-1, a 1.9 kilobase pair (kbp) restriction fragment of 
the human (3-globin locus which was suspected to be a 
hotspot for recombination based on population studies of 
DNA sequence linkage relationships over a 65 kbp region, 
has been shown to be active in stimulating reciprocal 
meiotic exchange when inserted in the genome of S_^ 
K. 
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cerevisiae (24). The sequence d(TG*AC)n, several runs of 
which are found within MG-1 (n=5,7,17), is thought to be 
responsible for MG-1's recombinogenic activity. It has 
been shown to enhance reciprocal meiotic recombination and 
increase genetic distance seven fold when inserted in runs 
(n=40,60,75) into a 620 base pair (bp) interval between two 
yeast genes (25). In simian cells, a 139 bp poly (TG)n 
containing insert (n=44) was shown to promote recombination 
three to five fold across directed repeats in 
extrachromosomal plasmids (4). This repetitive sequence 
has been found to occur 50,000 times in the human genome 
and 100 times in the yeast genome including the breakpoint 
of an apparent gene conversion event between the duplicated 
human 6 gamma and Agamma globin genes (17,25). 
The alternating copolymer d(TG*AC)n can adopt a Z-DNA 
conformation in supercoiled plasmids and recently it has 
been shown that the transition region between B-DNA and 
Z-DNA is partially unwound and sensitive to SI nuclease 
(25). The single stranded region may serve as a substrate 
for recombination enzymes which generate free ends to 
invade homologous duplex DNA. Treco e_t al. presented two 
other mechanisms by which the alternating sequence might 
function to increase meiotic recombination (25). A simple 
repetitive sequence increases the likelihood that a pairing 
partner will encounter an homologous sequence. 
Alternatively, it could signal to initiate genetic exchange 
nearby or draw homologous DNA segments together at 
. , i? 
- 
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synapsis. 
In contrast to the case of MG-1 which is a putative 
mammalian hotspot which was tested for activity in yeast, 
we have tested H0T1, a proven hotspot in yeast, for 
activity in mammalian cells. H0T1, a 4.4 kbp fragment of 
yeast ribosomal DNA (rDNA) containing the 5S gene, 
non-transcribed spacer DNA, and part of the 25S gene, has 
been shown in cerevisae to stimulate interchromosomal 
mitotic recombination seven fold when present on homologous 
chromosomes and stimulate intrachromosomal mitotic 
recombination fifteen fold when present to one side of 
homologous markers (8). The hotspot can function either 5' 
to 3' or 3' to 5' across the transcription unit of 
recombining genes but must be oriented such that the 5S 
rRNA gene lies closer to recombining sequences than the 25S 
rRNA gene (8) (figure 1). We have tested H0T1 for 
intrachromosomal recombinogenic activity in mouse cells. 
Most studies of homologous recombination of eukaryotes 
have used fungal systems because the products of meiosis, 
haploid spores, are found in a single cell (the ascus) in a 
linear order which reflects their pedigree (10). More 
recently studies in mammalian cells have been done using 
viral systems and extrachromosomal plasmids. Our lab has 
exploited a system using cultured mammalian cells to study 
intrachromosomal recombination (12). We used this same 
system to determine whether HOT1 is a hotspot in mammalian 
cells (figure 3). A properly oriented and positioned HOT1 
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fragment and two full length, linked Herpes simplex virus 
type 1 (HSV-1) thymidine kinase (tk) genes harboring 
different mutations were integrated into the genome of tk- 
mouse L cells. Tk+ recombinants were selected for in HAT 
(hypoxanthine, aminopterin, and thymidine) medium and 
counted. Rates of recombination for tk duplications 
harboring the H0T1 fragment were compared to rates for 
duplications not containing H0T1. In addition, independent 
recombinants were analyzed by molecular hybridization and 
drug sensitivity to determine the nature of recombination 
events. H0T1 was observed to have no recombinogenic effect 
in mouse cells and did not significantly alter the ratio of 
reciprocal to nonreciprocal events. 
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Materials and Methods 
Plasmid Construction 
The plasmid pJS-3, whose construction has been 
described (12), was modified by Bill Philbrick (Yale 
University) to create pJSYR4 (figure 2). Briefly, pJS-3 is 
a 10.3 kilobase pair (kbp) plasmid which consists of a 
modified version of the plasmid vector pSV2neo (21) and two 
Herpes simplex virus type I thymidine kinase (HSV-1 tk) 
genes containing Xho I linker insertion mutations. The Xho 
I linker insertion mutations map in the coding region of 
HSV-1 tk at position 735 (tk26) in the 2.0 kbp fragment and 
position 1220 (tk8) in the 2.5 kbp fragment according to 
the numbering system of Wagner ejt al. (27). tk26 and tk8 
are found as directly repeated Hind III and Bam HI 
fragments respectively in pJS-3. The Bgl II fragment HOT1, 
a generous gift of G. Shirleen Roeder (Yale University), 
was inserted in the proper orientation (25S rRNA gene 
distal to tk_8) into the BamHl site proximal to the Cla I 
site following partial digestion of pJS-3 with Bam HI to 
create pJSYR4. After bacterial transformation and 
reisolation of pJSYR4, orientation and position were 
confirmed in our lab by Cla 1/ Stu I and Dral restriction 
endonuclease digestions followed by 0.8 -1.0% agarose gel 
(Sigma) electrophoresis. Restriction endonuclease 
digestions were carried out according to suppliers' 
specifications (NEB, IBI) with routine overdigestion. 
r : 
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Bacterial Transformation and Plasmid Isolation 
To isolate pJSYR4, E._ coli strain DH1 was transformed 
using a standard calcium chloride procedure (15). Cells 
were plated on agar containing Luria Broth (LB) and 37.5 
ug/ml neomycin to select for neomycin resistant 
transformants. Individual colonies were cultured in LB 
media containing 37.5 ug/ml neomycin prior to plasmid 
isolation using a standard alkaline minilysate protocol 
modified from Birnboim and Doly (2). 
Cell Culture 
Thymidine kinase deficient (tk-) mouse L cells were 
grown in a 5% carbon dioxide plus air atmosphere at 37° C 
in Dulbecco's modified Eagle Medium (DMEM) supplemented 
with 10% fetal calf serum (fcs) or 2% fcs plus 10% newborn 
calf serum. 
Introduction of Plasmid into Ltk- Cells 
Electroporation and microinjection were used to 
introduce PJSYR4 into cultured murine Ltk- cells. 
Electroporation was performed using protocol and 
apparatus as previously described (10). The apparatus for 
electroporation consisted of two units: electroporation 
chamber and power supply (ISCO 494 electrophoresis power 
supply) with relay switch. The electroporation chamber was 
a disposable plastic cuvette (Sarstedt, Princeton, N.J.) 
lined on two sides with aluminum foil electrodes (Heavy 
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Duty Reynold’s Wrap) attached with Duco cement. pJSYR4 (5 
ug) linearized with Cla I was resuspended in 550 ul sterile 
PBS and pipetted into the electroporation chamber which had 
been rinsed five times with 70% ethanol followed by a rinse 
with sterile PBS. 107 Ltk- mouse cells were collected 
while in logarithmic growth phase and suspended in 0.5 ml 
sterile PBS, chilled on ice for ten minutes and added to 
the plasmid solution. The power supply was set at 5% 
wattage and current limit, 95% voltage limit and charged to 
2000 V. The voltage was discharged across the 
electroporation chamber by closing the relay switch. The 
electroporation chamber was removed and chilled on ice for 
15 minutes. 2 - 8 x 104 viable cells were seeded 
(assuming 20% survival) into 100 mm2 plates containing 
nonselective media with 10% fcs. After two days, G418 was 
added to a concentration of 400 ug/ml and individual G418 
resistant colonies harvested after 10-14 days. 
Microinjection was performed essentially as described 
(5). Briefly, pJSYR4 was dissolved in TE (10 mM Tris pH 
7.9, 1 mM EDTA) to a concentration of 0.5 ug/ml and the 
solution passed through a filter with a 0.2 u size pore. A 
volume calculated to contain 0.5-1.0 plasmid molecules was 
injected into the nuclei of murine Ltk- cells plated on a 
coverslip in a 60 mm2 dish with non-selective medium. 
One day later, G418 was added to a concentration of 400 
ug/ml. Individual G418 resistant colonies were harvested 
when fully grown. 
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Subcloning 
Following electroporation, one of the cell lines 
examined (YR4-9) was harvested as a colony from the 100 
mm2 plates with selective media (G418) plus 10% fcs and 
subcloned by dilution into 60 mm2 plates containing 
selective media (G418) and 10% fcs. A single subclone was 
harvested and grown up for Southern Transfer and DNA/DNA 
hybridization. 
Cellular DNA Purification 
Cell cultures were rinsed twice with PBS and lysed with 
2 ml of buffer consisting of 0.5% NaDoSCM (SDS), 2 M Tris 
pH 7.9, 0.1 M EDTA and 0.15 mg/ml proteinase K (Boehringer 
Manheim). The lysates were pipetted, vortexed and then 
incubated at 56°C for three hours. The samples were 
extracted twice with phenol (equilibrated with 50 mM Tris 
pH 7.9) and subsequently extracted with ether. DNA was 
precipitated by adding one tenth volume 3 M NaAc and one 
volume 95% ethanol and gentle rocking. The precipitates 
were rinsed in 70% ethanol, dried, and dissolved in 200-300 
ul TE. Digestion with 10 ug RNAase A and 40 units RNAase 
T1 (Sigma) was carried out for two hours at 37°C. The 
samples were extracted twice with phenol and ether as 
described above and the DNA precipitated with two thirds 
volume 7.5 M NaAc and one volume 95% ethanol and vortexing. 
After centrifugation and washing with 70% ethanol, the 
precipitates were dried and redissolved in 200 ul TE. 
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Southern Transfer and DNA/DNA Hybridization 
Purified cellular DNA's were digested with restriction 
enzymes (NEB, IBI) allowing for routine overdigestion (e.g. 
3-15 units/ug for at least three hours at 37°C). Cut DNA 
was electrophoresed through 0.8% agarose gels (Sigma). The 
gels were processed using standard procedures (15) and the 
DNA transferred to nitrocellulose (Schleicher and Schuell 
BA85) according to the method of Southern (20). The 
filters were prehybridized at 65°C for more than three 
hours in 6x SSC (0.90 M NaCl, 0.090 M sodium citrate pH 
7), 0.5% SDS, 5x Denhardt’s solution, 0.1 M potassium 
phosphate buffer pH 7.0, 10 mM EDTA, and 250 ug/ml boiled 
salmon sperm DNA. Treated filters were hybridized 
overnight at 65°C with high specific activity (1-3 x 
108 cpm/ug, 107 cpm total) 32P - labelled HSV-1 tk 
specific probes prepared using a nick translation kit 
(Amersham). Hybridized filters were soaked twice for ten 
minutes each in 0.5% SDS, 2x SSC solution at room 
temperature and three times for 45 minutes each in 0.5% 
SDS, 0.lx SSC solution at 65°C. Dried filters were used 
to expose Kodak XAR-5 film in the presence of an 
intensifying screen at -70°C. 
Stability of Plasmid Integration 
Cell lines found to have low copy number (<_2) by 
Southern blot analysis were subcloned by dilution in 
non-selective media into limbro wells (Falcon) at a density 
<x. 
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of 3-10 cells/well. Ten to twenty subclones per parental 
line were harvested and each divided into two limbro wells 
containing media (10% fcs) either with or without G418 (400 
ug/ml). Subclones which grew in non-selective medium but 
not in selective medium were considered G418 sensitive 
(G418s) while those which grew in both were deemed G418 
resistant (G418r). All but one parental lines used for 
rate determination had only G418r colonies and were 
considered to have a stably integrated plasmid. One 
parental line (YR4-9) had one subclone which showed 
possible sensitivity to G418 but was considered 
sufficiently stable for rate determination. 
Fluctuation Test 
At least nine subclones (one founder cell) of each 
parental line or nine sublines (<_ 500 cells) of a 
previously subcloned parental line (YR4-9) were grown up in 
150 mm2 flasks containing non-selective medium. From 
3-14 x 106 cells from each subculture were plated in 100 
mm2 dishes with HAT selective medium (10-4 M 
hypoxanthine, 2 x 10~6 M aminopterin, 1.6 x 10-5 M 
thymidine) (23). Resistant colonies per subculture were 
counted and rates of recombination determined by 
fluctuation analysis (14). 
Analysis of Recombinants 
To determine the proportion of gene conversion to 
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reciprocal events among tk+ recombinants, two recombinants 
from each subculture were isolated and tested for 
sensitivity to G418 (resistance infers gene conversion 
whereas sensitivity a reciprocal exchange) (figure 4). Two 
recombinants (one G418s and one G418r) from each 
parental line tested were cultivated for hybridization 
analysis. 
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Results 
Experimental System 
The experimental system used to measure the effects of 
H0T1 on intrachromosomal recombination has been described 
(13). A linearized plasmid (pJSYR4, figure 2), containing 
H0T1 and two different Xho I linker insertion mutants of 
the HSV-1 tk genes as direct repeats flanking a separate 
dominant selectable marker, which in mammalian cells 
encodes for resistance to the drug G418, was used to 
transform Ltk- mouse cells (figure 3). Recombination 
between the repeated mutant tk genes can result in a wild 
type tk gene which confers resistance to HAT. Subcloned 
transformants possessing a low number (<_ 2) of stably 
integrated plasmid were tested for recombination rates in 
HAT medium. Tk+ recombinants resulting from a single 
intrachromosomal reciprocal exchange lose the dominant 
selectable marker and a mutant tk sequence, whereas those 
resulting from gene conversion retain the marker and a 
mutant tk gene sensitive to Xho I digestion (See figure 4). 
The nature of recombination events was studied by testing 
recombinants for sensitivity to G418 and testing integrated 
sequences for sensitivity to Xho I digestion. 
Verification of Plasmid Structure 
pJSYR4 was constructed by inserting the H0T1 fragment 
into the Bam HI restriction site proximal to the Cla I 
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restriction site such that the 5s rRNA gene was proximal to 
and the 25s gene distal to tk8. pJSYR4 was cloned in E. 
coli strain DH1 and its structure was verified by 
restriction endonuclease digestion and agarose gel 
electrophoresis. Stu I digestion of pJSYR4 gave fragment 
sizes (5.5, 4.0, 3.4, 1.7 kbp) consistent with the desired 
structure (See figure 5). 
Determination of Copy Number 
Stu I digests of DNA from cell lines transformed with 
pJSYR4 were analyzed by Southern transfer and hybridization 
with a HSV - 1 tk specific probe. Stu I digestion of 
integrated pJSYR4 results in two fragments, 4.0 and 3.4 kbp 
in size, and junction fragments of variable size (>4.6 
kbp). The number of junction fragments allows an estimate 
of the number of copies of pJSYR4 in the genome. Three 
cell lines (YR4-6, YR4-9, and YR4-30) had a pattern 
consistent with a single copy and one line (YR4-5) appeared 
to have two copies of pJSYR4 (figure 6). These 
interpretations were reinforced by hybridization analysis 
of DNA digested with Dra I (data not shown). 
Determination of Rates of Intrachromosomal Recombination 
3-14 x 106 cells of 9-12 subclones or sublines of 
parental lines having stable low copy number integrations 
of pJSYR4 were plated into HAT medium and the number of 
resulting tk+ recombinant colonies determined. Single copy 
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lines YR4-6, YR4-9, and YR4-30 had recombination rates 
(rate=events/locus/generation) of 1.3 x 10~6, 2.5 x 
10-6 and 2.6 x 10-6 respectively (Table 1). The double 
copy line YR4-5 had a recombination rate of 3.7 x 10-6 . 
These rates are similar to recombination rates obtained in 
our lab from cell lines possessing a single copy of pJS3 
(i.e. the same two HSV-1 tk genes but no HOT1 insert): 
2.6-4.8 x 10-6 (11). The yeast hotspot HOT1 had no 
observable recombinogenic effect in mouse L cells using our 
experimental system. 
Types of Recombination Products Observed 
Two independent tk+ recombinants from each subculture 
of each single copy parental line were tested for 
resistance to G418. As described earlier, single reciprocal 
exchange results in deletion of the neomycin gene (which 
confers G418 resistance) while gene conversion or double 
unequal sister chromatid exchange should preserve the 
neomycin gene. 63% of recombinants were G418r and 37% 
G418s (Table 2). This result is not markedly different 
from previous studies conducted in our lab that show a 
majority (80%) of tk+ recombinants are derived from gene 
conversion (or double unequal sister chromatid exchange) 
and only 20% result from single reciprocal exchange (13). 
There is not a statistically significant difference between 
our results and these earlier studies (0.10<p<0.20 by the 
Chi-square test) . 
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One G418r and one G418s recombinant from each of 
two single copy parental lines (YR4-9 and YR4-30) were 
analyzed by DNA hybridization of Southern transfers of Hind 
III/BamHl and Hind III/BamHl/Xho I digests (figure 7). 
Each G418r recombinant had one HSV-1 tk sequence which 
was cut once by Xho I and one tk gene which was resistant 
to Xho I cleavage, as expected for gene conversion. G418s 
recombinants displayed only one HSV-1 tk sequence which was 
resistant to Xho I cleavage, consistent with single 
reciprocal exchange. 
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Discussion 
The yeast rDNA fragment HOT1 has been shown to 
stimulate mitotic intrachromosomal recombination fifteen 
fold in S_!_ cerevisiae (8) . In addition, a 570 bp 
recombinogenic subclone of HOT1 stimulated reciprocal 
events ten to twenty fold over gene conversion in yeast 
(26). Using an intrachromosomal recombination assay, we 
tested HOT1 for recombinogenic activity in mouse L cells. 
Recombination rates of approximately 10-6 were obtained 
for cell lines containing HOT1 appropriately aligned 
adjacent to a tk gene duplication. These values are similar 
to those found in control lines containing the same 
duplication but lacking HOT1. The ratio of gene conversion 
events to reciprocal events (1.7) was found to be somewhat 
different from that in control lines (4.0), though not 
significantly different (p>0.20 by Chi-square test). 
Our observation that HOT1 did not simulate 
recombination in mouse cells is not surprising, based on 
findings which became available subsequent to the 
initiation of our experiment (26). Studies of HOT1 in 
S. cerevisiae have revealed that two noncontiguous 
sequences within HOT1 which regulate transcription by RNA 
polymerase I are responsible for the recombinogenic 
activity of HOT1. A 250 bp fragment located near the right 
end of the original 4.6 kbp fragment contains the 
transcription initiation site of the 35S rRNA precursor. A 
■ 
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320 bp fragment near the middle is an enhancer of 
transcription. Recombination is stimulated to a greater 
extent in the presence of these two isolated fragments than 
with the complete H0T1 fragment. The hypothesis that it is 
enhanced transcription by RNA polymerase I that is 
responsible for HOT1's recombinogenic activity is further 
supported by the finding that insertion of a properly 
oriented transcription terminator immediately downstream 
from HOT1 abolishes stimulation of recombination. 
The most likely explanation for the absence of enhanced 
recombination by HOT1 in our experimental system is that 
the yeast transcriptional initiator and enhancer found in 
HOT1 are inactive in mouse cells. This hypothesis is 
supported by studies of species variation in RNA polymerase 
I initiators and enhancers (6,9,19). Studies of rRNA genes 
from yeast, Drosophila, Xenopus and mouse reveal no obvious 
common sequences that could act as promoters (19). Only 
more closely related groups (i.e. rosei and S. 
carlsbergensis; Xenopus laevis, X. clivii, and X. 
boerialis; mouse, rat, and human) show homology among 
sequences in the immediate vicinity of initiation sites of 
rRNA genes (9,19). Similarly, important differences have 
been found between the rDNA enhancers of members of 
different genii: S_;_ cerevisiae and Xenopus sp. (6). The 
RNA polymerase I enhancer found in HOT1 is thought to 
stimulate transcription by binding a transcription 
factor(s) which serve to attract the polymerase (6). 
i 
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Grumt et <al. have concluded that transcription factors are 
species specific based on experiments on rDNA isolated from 
mouse, human, and protozoan sources which show they are 
only transcribed accurately if all cellular components 
added to the DNA come from its species of origin (7). 
Therefore, it is very unlikely that H0T1 would enhance 
transcription in a mammalian system. 
A less likely explanation for our findings is that 
transcription is enhanced by H0T1 but this does not affect 
general recombination. Unfortunately, there are no studies 
in mammalian systems that directly address the issue of 
transcriptional activity and homologous recombination. 
However, rearrangement of immunoglobin genes appears 
directly correlated with at least transcriptional 
availability (3) and at least one mechanism by which 
increased transcription is postulated to affect 
recombination - the unwinding of duplex DNA - has been used 
to explain recombination enhancement by alternating purine 
pyrimidine inserts in mammals and yeast (4). This question 
might be answered by testing a known mouse transcriptional 
initiator and stimulator such as the rDNA promoter of mouse 
in our recombination system. 
Our assay for intrachromosomal mitotic recombination 
provides a potentially valuable system in which to study 
putative mammalian hotspots. Sequences of interest can be 
inserted in the desired orientation and position in 
relation to tk genes. The tk genes themselves can be 
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altered in size and nature of mutation. Some sequences 
which would be interesting to study in our system include 
identified hotspots in the mouse major histocompatibility 
complex, a postulated hotspot in the upstream flanking 
region of the human insulin gene, and a 900 bp fragment 
between repeated Agamma and G gamma globin genes which 
has simple sequence DNA similar to MG-1's (17,22). We have 
done preliminary studies on the fragment from the gamma 
globin locus. The fragment was inserted in both 
orientations to one side of the tk genes in pJS3. Studies 
in HAT seem to show no recombinogenic effect (unpublished 
observations). 
In summary, we tested the yeast hotspot HOT1 in a 
mammalian intrachromosomal recombination system and found 
no significant increase in either the recombination rate or 
the ratio of reciprocal to nonreciprocal events. In view 
of recent characterization of the nature of HOT1 
stimulating activity in yeast, namely that it appears to 
exert its effect via transcription, our results are best 
explained by differences in transcriptional machinery 
between yeast and mouse cells. 

21 
1.8 kb 
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l8S 5.8S 25S E 5S I 
Figure 1 
The HOT1 fragment of S_^ cerevisiae rDNA 
HOT1 is a 4.4 kbp Bgl II restriction fragment. The 
open boxes indicate coding regions for mature 18S, 5.8S, 
25S, and 5S ribosomal RNAs. The solid boxes indicate the 
sequences required for transcription of the 35S precursor 
RNA and for the stimulation of recombination. E indicates 
the enhancer, and I indicates the initiation site (26). A 
1.8 kbp Stu I fragment is present in H0T1. 
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Figure 2 
The plasmid pJS-3 used to construct pJSYR4 
PJS-3 is a 10.3 kbp plasmid which consists of the 
plasmid vector pSV2neo and two Herpes simplex virus type I 
thymidine kinase genes containing Xho I linker insertion 
mutations (HTK-). HTK-A represents tk8, and HTK-B 
represents tk26. A and B represent their respective Xho I 
linker insertion mutations. The wavy arrows indicate the 
direction of transcription of HTK. The numbers are the 
approximate distances between adjacent restriction sites. 
HTKWA HTKeB 
neo 
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Figure 3 
General Design of Experiment 
The general design of the experiment is discussed in 
the results section. HTK-A is tk8 and HTK-B is tk26. 
Arrows indicate the direction of transcription of 
HTK. 
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subclone single 
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test > 10 subclones in 
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Luria-Deibruck 
rate analysis 
Isolate TK+ recombinants 
test for G4l8r Southern Blot Analysis 
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Figure 4 
Single reciprocal versus gene conversion events 
A. tk+ recombinants resulting from gene conversion 
retain the the dominantly selectable marker and a mutant tk 
gene sensitive to Xho I digestion (I), whereas those 
resulting from a single reciprocal exchange lose the marker 
and a mutant tk sequence (II). 
B. The nature of recombination events can be determined 
using Southern blots. Lanes 1, 3, 5, and 7 contain Kind 
III/Bam HI digests hybridized to HSV-1 tk specific probe. 
Lanes 2, 4r 6 f and 8 contain Hind III/Bam Hl/Xhol digests. 
Lanes 1 and 2 represent the pattern expected for a 
unrecombined parent sequence. Lanes 3 and 4 show the 
pattern expected for the product of a single reciprocal 
exchange. Lanes 5 f 6, 7, and 8 contain digests of the two 
possible products of gene conversion. (8 = tk8 and 26 = 
tk26) 
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Figure 5 
Verification of Plasmid Structure 
The structure of pJSYR4 was verified by Stu I digestion and 
agarose gel electrophoresis. Digestion of pJSYR4 (lane 1) 
gave fragments sizes (5.4, 4.0, 3.4, 1.7 kbp) consistent 
with the desired structure. Lane 2 contains Cla I 
linearized pJSYR4. Lane 3 has the products of Stu I 
digestion of pJS-3. The lane marked Stds contains Hind III 
digestion of lambda (23.1, 9.4, 6.6, 4.4, 2.3, 2.0, 0.6 
kbp) . 
CO 
-O 
I 2 m 3 

■:V 
j h' ■" • ■ . . . ■ ..■•of.'.: ■ .• i . ■ 
ill t“ * ' C(IB f; r rrjiji Vi O.J ' j.,1, i:..i >i ,j . 5- V if. .. 
:i ■ 
... , 
30 
Figure 6 
Determination of Copy Number 
Stu I digests of cell lines transformed with pJSYR4 were 
analyzed by Southern transfer and hybridization with a 
HSV-1 tk specific probe. Stu I digestion of integrated 
pJSYR4 results in two fragments, 4.0 and 3.4 kbp in size, 
and junction fragment of variable size (>4.6 kbp). The 
number of junction fragments allows an estimate of the 
number of copies of pJSYR4 in the genome. Three cell lines 
(YR4-6, YR4-9, YR4-30) had patterns consistent with a 
single copy and one line (YR4-5) appeared to contain two 
copies of pJSYR4 . 
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Table 1. Recombination Rates 
No . of subclones No. of tk+ segregants/ Rate* of 
Cell line tested cells plated in HAT recombination 
Experimental 
YR4-5 12 2867/1.26 x 108 3.7 X IQ-6 
YR4-6* 10 909/1.31 x 108 1.3 X io-6 
YR4-9* 12 1655/1.16 x 108 2.5 X 10"6 
YR4-30* 9 1215/8.55 x 107 2.6 X io-6 
Controls 
pJS-3-10* 10 970/6.4 x 107 3.5 X io-6 
pJS-3-3-3* 14 1000/4.3 x 107 4.8 X io-6 
* Single copy lines 
$ events/locus/generation 
Table 2. Types of Recombinants 
Parent line G418r (conversions) G418s (reciprocals) 
Experimental 
YR4-6 3 7 
YR4-9 8 3 
YR4-30 8 1 
Controls 
pJS-3-10 19 6 
pJS-3-3 12 2 
■ 
... 1.. . 
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Figure 7 
Types of Recombination Products Observed 
One G418r and one G418s recombinant from each of two 
single copy parental lines (YR4-9 and YR4-30) were analyzed 
by DNA hybridization of Southern transfers of Hindlll/BamHl 
(HB) (lanes 1,3,5 and 7) and Hindlll/BamHl/XhoI (HBX) 
(lanes 2,4,6 and 8) digests. Each G418r recombinant had 
one HSV-1 tk sequence which was cut once by Xhol and one tk 
gene which was resistant to Xhol cleavage, as expected for 
gene conversion. G418s recombinants displayed only one 
HSV-1 tk sequence which was resistant to Xhol cleavage, 
consistent with single reciprocal exchange. [Lanes 1 and 2 
= HB and HBX digests, respectively, of G418r recombinant 
of YR4-9, lanes 3 and 4 = HB and HBX digests of G418s 
recombinant of YR4-9, lanes 5 and 6 = HB and HBX digests of 
G418r recombinants of YR4-30, lanes 7 and 8 = HB and HBX 
digests of G4183 recombinants of YR4-30] 
12 3 4 5 6 7 8 
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